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The cytoarchitectonic  study of the cortex  has reached a  high de- 
velopment during the last twenty to thirty years.  In earlier times it 
was believed that the whole cortex represented more or less a homo- 
geneous  organ,  but  it has since  been  concluded  that  this  is  not  the 
case.  Though the same architectonic ground type may be  found in 
the entire cortex, yet  in different regions  certain  histologically  well 
characterized modifications of the cortex exist, with small variations, 
not only in man but in all higher mammals.  In the most character- 
istic and well marked type  of  cortex  belongs that portion  called by 
Elliot  Smith  the  area  striata.  On  account  of  its  special  morpho- 
logical character and its physiological importance, that is, its relation 
to the act of seeing, the area striata has been investigated with special 
attention.  In this  paper  I  shall  discuss  its  localization,  anatomical 
structure, and physiological function. 
It was  known  to  the  earlier investigators,  Gennari,  Vicq-d' Azyr,  and  Bail- 
larger, that the cortex of the fissure calcarina had  a different structure  from the 
rest  of  the  cortex.  One  can  readily  see  with  the  naked  eye in  the  gray  sub- 
stance  a  stripe  of  white  fibrous  matter  lying  tangentially.  This  is  called  the 
stripe  of  Gennari  or  of  Vicq-d'  Azyr.  The  characteristic  marks  of  the  mor- 
phology  and  order  in  this  part  of  the  cortex  were  recognized  much  later  by 
Meynert.  A number of authors  (Betz, Legnowa, Hammarberg, (I), and Schlapp) 
have partly abandoned  the division of layers after Meynert, but they have given 
no new point of view.  They have also distinguished  eight layers  in the  cortex. 
Cajal, who has  studied  the cortex with the help of the chrome-silver method of 
staining, has distinguished nine layers in the division of the visual cortex, based 
principally on the fine morphology of the cells. 
Brodmann  (2)  has  given the  most  detailed  study  of  the  cortex  in  general 
and  especially of  the  calcarine type.  He  has  not  only studied  each  type  histo- 
logically, but  has  defined  its  extension  topographically  on  the  surface  of  the 
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cortex and has produced what may be called brain  maps.  The two most char- 
acteristic types of the cortex are the giant pyramid types, called the area giganto- 
pyramidalis,  and the calcarine  type, named  area striata.  He  has  studied  them 
in their variations  and extensions in man and primates, and also in most classes 
of mammals.  I  shall keep chiefly to  his  descriptions  in what follows, so that 
the connection of each layer in the area striata,  to the sixth layer ground type, 
appears distinctly as six fundamental  primary types of the  cortex.  It seems to 
me that Brodmann is clearer on this point when he divides the area striata into 
six layers, of which the fourth is subdivided into three secondary layers. 
I.  Lamina Zonalis,  or Moleculosis.--This  is well marked; it con- 
tains single small nerve cells of different shape, partly round, partly 
star-shaped,  with short  points.  It does  not differ essentially in  its 
construction from the first layer of the rest of the cortex. 
II.  Lamina Granularis.--The external granular layer, or layer of 
small pyramids.  This  is  sharply  outlined  in  the  cortex  of  adults, 
especially at its junction with the  lamina zonalis.  It  consists  of  a 
narrow  layer of granular or small pyramidal cells  lying closely to- 
gether.  The transition from the small to the medium sized pyramids 
of  the  third  layer goes  on gradually, so  that  often  it  is  difficult to 
distinguish here two different layers as in the rest of the cortex ; that 
is why it is often included with the third layer. 
III.  Lamina Pyramidalis.--The layer of the medium sized pyra- 
mids is also small and poorly developed.  The pyramids do not reach, 
anywhere,  the size of the neighboring area occipitalis.  Already in 
the  inner  part  of  this  layer  appear  small  round  nerve  cells  called 
granules,  whose  number  increases  continually;  at  the  inside  edge 
of the pyramid layer they undergo a  condensation which Brodmann 
considers as a  special layer. 
IV.  The Lamina Granularis  Interna,  Superficialis  IUa.--Accord- 
ing to Brodmann, the undivided inner granular layer of the neighbor- 
ing type, is divided in the visual cortex into a  superficial and a  deep 
sublayer;  between  the  two  a  layer,  poor  in  cells,  is  enclosed,  the 
lamina  granularis  intermedia  IVb.  This  latter  is  especially  char- 
acteristic of the visual cortex. 
In the Weigert preparation is here seen the stria of Vicq-d'  Azyr 
or of Gennari, a  tangential white stripe visible with the naked eye. 
After being stained by Nissl's method this layer is seen as a  light 
stripe,  poor  in  cells.  Here  are  the  characteristic,  small,  medium 
sized,  and  star-shaped  single  cells. Edgar Bright  Funkhouser.  619 
Next  comes the principal  granular  layer  IVc,  the lamina  granu- 
laris interna of Brodmann. 
In  comparison  with  the  preceding  layer  this  one  appears  well 
marked, and about as broad as IVa and IVb together.  It consists of 
numerous granules  lying close to  each  other;  there  are  also  single 
elements  of  the  neighboring  layer  called  "guests";  star-shaped, 
spindle-shaped, and pyramid-shaped cells. 
V.  The Ganglion Layer (Brodmann), or the Intermediary Layer 
(yon Monakow).--This forms again a clear layer of single, scattered 
cells, which contain separate large pyramidal cells, named Meynert's 
solitary cells.  In fiber preparations there is seen also a  small stripe 
of transverse fibers, the under stria  of Vicq-d'  Azyr or Gennari. 
VI.  The Multiform Layer.--This layer, the layer of polymorphic 
elements of von Monakow, represents a  clear and characteristic part, 
which is marked towards the outside by the lamina ganglionaris and 
towards  the  inside  by  the  stripe  of  white  matter  or  fibers.  In 
spite  of  its  narrowness  it  consists  of  two  layers;  an  outside  layer 
of compact, mostly three cornered cells, the lamina triangularis,  and 
an inner layer of loose spindle-shaped cells, the lamina fusiformis. 
It  is  therefore  characteristic  of the area  striata.of  man that  the 
large  pyramidal  cells  in 'the  pyramidal  layer  are  missing.  In  the 
layer  of  star-shaped  cells,  the  Gennari  stripe  and  the  large 
inner granular layer, also a well marked multiform layer rich in cells, 
and  the  closeness  and  smallness  of  the  cells  are  characteristic  of 
this type (text-figure  I).  Brodmann studied the tectonic variations 
and  the  extension of  the  calcarine  type  of  the  cortex,  not  only  in 
man but in all mammals.  He worked out the homology of the area 
striata  in  all  classes  of  mammals  as  far  as  they  were  examined. 
The  area  striata  of  the  monkey is  similar  in  structure  to  that  of 
man.  It  is  here  also  marked  by  a  light  layer  of  numerous star- 
shaped cells, and a  broad inner granular layer in which star-shaped 
cells are scattered about. 
In some monkeys, like Cebus capucinus, there is a  different cyto- 
architectonic structure  which surpasses  that  in man.  Here,  inside 
of the star-shaped layer, is another layer of larger cells running into 
each other, so that this layer can again be divided into three secondary 
layers : a superficial layer, a dark middle layer, and a deeper light one. 620  The  Visual  Cortex. 
I.  Lamina zonalis. 
II. Lamina granularis  externa. 
III. Lamina pyramidalis. 
IVa.  Lamina granularis  interna  superficialis. 
IVb.  Lamina  granularis  intermedia;  here  lies  the  stria  of 
Gennari. 
IVc.  Lamina granularis  interna profunda, or principal gran- 
ular  layer. 
V.  Lamina ganglionaris. 
Via.  Lamina triangularis.] 
VIb.  Lamina fusiformis.  I VI"  Lamina multiformis. 
TExT-FIG.  I.  1  Calcarine  cortex.  Man.  X 44. 
1 A  list of the meanings of the abbreviations  used in the text-figures  is given 
at the end of the paper. Edgar Bright  Fu~khouser.  621 
Besides the more advanced tectonic development of the calcarine 
cortex of some primates  is  the  large number  of mammals with  a 
more or less undeveloped or  retrogressed type  (Brodmann).  Ac- 
cording to Brodmann, the insectivora are a highly undeveloped type. 
In  carnivorous  animals  (cat  and  dog)  a  special  layer  of  star- 
shaped cells can not be distinguished (text-figure 2).  The area stri- 
! !':  .1 
TEXT-FIG. 2. 
I.  Lamina zonalis. 
II. Lamina granularis externa. 
III. Lamina pyramidalis (very narrow). 
IV.  Lamina granularis interna.  Broad and light layer.  In 
Weigert preparation the stri~e of  Gennari are seen. 
'V.  Lamina  ganglionaris,  with  Meynert's  large  solitary 
cells. 
VI.  Lamina multiformis.  Many cells  with sharp  outlines. 
Calearine cortex.  Cat.  X 4o. 
ata is here especially characterized by a broad and clear inner granu- 
lar layer in which star-shaped cells are scattered about.  We find, on 
the whole, that the other characteristics are the same as those of pri- 
mates ; that is, a narrow, light sixth layer (lamina ganglionaris)  with 
some large pyramidal cells.  In general the cortex is very narrow; 
it is more compact, and the size of the cells is smaller.  The transi- 
tion of the area striata to the surroundings is not so well marked as 
in man and primates, but a gradual transition takes place.  The pyra- 
midal cells of the third layer become larger and go more deeply into 
the cortex;the inner layer becomes more compact and smaller.  The 
lamina  ganglionaris  and  multiformis  are  less  frequently seen,  or, 
briefly speaking,  the ordinary six layer type appears  again. 
Until recently little was known about the exact localization of this 
type  of  cortex  in  man,  and  still  less  in  animals.  Bolton  has  de- 622  The  Visual  Cortex. 
scribed  (19oo)  the extension of the visuosensory area in the human 
cortex.  His views were, in general, confirmed by Brodmann, Calnp- 
bell, and others.  It is now possible to give an exact division of this 
human  cytoarchitectonic  cortex  field,  as  its  boundaries  are  well 
marked in  all  directions. 
Text-figures  3  and  4  show  the  extension  of  the  area  striata  in 
the human occipital lobe  (after  Brodmann).  Near  the convexity it 
TExT-FIG.  3.  TExT-FIG.  4. 
TExT-FIGs.  3  and  4.  Extension  of  the  area  striata  in  the  human  occipital  lobe, 
convex and mesial surfaces;  after  Brodmann. 
occupies only the extreme caudal end.  On the mesial surface of the 
hemisphere it occupies the two lips of the calcarina,  also  the fissure 
retrocalcarina,  which  is  hidden  inside  of  the  occipital  lobe.  It 
reaches from here to the neighboring regions ; dorsally to the cuneus, 
and ventrally to the lobus lingualis.  Anteriorly it diminishes quickly 
and ends after joining the fissure calcarina and the fissure paroccip- 
italis in the posterior part of the trunks of the fissure calcarina.  The 
transition of the area striata into the structural type of the surround- 
ings  takes  place  suddenly;  dorsally  into  the  cortex  of  the  cuneus, 
ventrally into that of the lobus lingualis, and  on the convexity into 
the area  occipitalis.  The layer  of  star-shaped  cells  disappears,  the Edgar Bright Funkhouser.  623 
TExT-FIG.  5-  TExT-FIG.  6. 
TExT-FIGS.  5  and  6.  Extension of  the  area  striata  in  the  orang-utang,  convex 
and mesial surfaces ; after Brodmann. 
TExT-FIG.  7.  TExT-FIG.  8. 
TExT-FIGs.  7  and 8.  Extension of the area  striata in  the cercopithecus, convex 
and mesial surfaces; after Brodmann. 
TExT-FIG.  9.  TEXT-FIG.  I0. 
TExT-FIGs. 9  and  IO.  Extension of the area  striata  in  the occipital lobe of  the. 
cat,  convex and mesial  surfaces. 624  The  Visual  Cortex. 
lamina granularis interna becomes narrower, the layer of pyramids 
becomes larger, and at the same time larger pyramidal cells appear 
in it. 
The extension of the area striata shows,  especially in the caudal 
and frontal ends, significant individual variations, which are confined 
to the mesial surface of the hemisphere.  In the greatest number of 
cases  it  goes  over  on  the  convexity of  the  occipital  lobe  where it 
occupies the caudal pole. 
In  the  anthropomorphous  ape  (text-figures  5  and  6  (orang- 
utang))  the  area  striata  is  extended  over  the  mesial and  convex 
surfaces  of  the  occipital lobe approximately  in  equal  parts. 
In the cercopithecus, the long tailed monkey, the area striata occu- 
pies on the convexity the whole operculum between the sulcus simi- 
alis and the fissure occipito temporalis lateralis.  On the mesial sur- 
face the caudal pole is  found around the ascending and descending 
branch  of  the  fissure  calcarina,  while  at  the  trunk  of  the  fissure 
it  soon  disappears  into  the  deep part  of  the  fissure. 
In carnivorous animals (text-figures 7 and 8)  (cats and dogs)  the 
area striata occupies principally the mesial and cerebellar surface of 
the occipital lobes.  Their extension has been studied by Campbell, 
Brodmann,  and  Minkowski,  whose  results  were  the  same  (3,  4). 
The position of the area striata of the cat is  marked by the caudal 
two-thirds  of  the  gTrus  marginalis  in  its  mesial  and  lateral  parts 
(text-figures 9 and IO). 
The dog has a similar extension to that of the cat.  The relation 
of this type of cortex to 'the act of vision was known by the earliest 
authors  who had  noticed after lesions  in  the neighborhood of the 
fissure calcarina lasting defects or scotoma in the field of vision. 
Henchen and a  number of other investigators have, by means of 
pathological lesions in the occipital lobes of man, marked out,  as a 
clinical  anatomical visual  sphere,  a  zone  whose destruction,  in  the 
minimum,  is  necessary to  bring  forth  a  maximum disturbance  of 
vision.  This  zone  consists  in  the  cortex  of  the  fissure  calcarina, 
the neighboring lobes of the cuneus, and lobus lingualis; and there- 
fore  coincides with  the extension of the area striata.  The  agree- 
ment about  clinical and anatomical results that have been obtained 
has not remained without contradiction, as yon Monakow explains Edgar  Bright  Funkhouser.  625 
that he cannot accept, without further comment, Henchen's localiza- 
tion of  the visual sphere  in a  relatively narrow'part  of  the mesial 
surface  of  the  occipital  lobe,  ~oecause  of  general  pathological  and 
anatomical reasons.  He thinks it more likely that in all cases that 
have  been described till now  of the so called  cortical lesion  in the 
sphere of the calcarina,  the optic radiation would also be damaged, 
that  an  extension  which  remains  confined on  the  calcarine  cortex 
is  impossible,  and  therefore  in  calcarina  lesions  the  occipital  field 
cortex,  which  is  separated  from  the  primary  occipital  center,  has 
really a  larger extension and corresponds with the diseased area of 
the regio calcarin'a,  von Monakow includes also in the anatomical 
clinical  visual  sphere,  besides  the  regio  calcarina  with  its  specific 
cortex  type,  the  first  to  the third  occipital  convolutions,  the  whole 
cuneus, the lobus lingualis, and the gyrus descendens.  Experimental 
physiology  seems  to  confirm  this  opinion.  Minkowski's  experi- 
mental  research  in  the  dog  indicates  that  the  clinical,  anatomical 
visual sphere is covered with the cytoarchitectonic sphere, as lasting 
visual trouble can be caused only by extirpation  of the area striata. 
Its total extirpation probably produces a  maximal visual disturbance 
that  can be reached  from the cortex,  while extirpation  on the con- 
vexity of the occipital lobes, according to 'Minkowski, has as a  con- 
sequence no,  or  only a  short  or  quickly passing  restriction  of  the 
visual field if they remain confined to the cortex and do not affect 
the optic radiation. 
A  further  question arises:  Is  the  cytoarchitectonic visual  sphere 
close to the pathological anatomical sphere ?  von Monakow means 
by  this  the  ideal  convolution  district  in  the  occipital  lobes  whose 
whole destruction is just sufficient to bring forth a  complete secon- 
dary  degeneration  of  the  primary  optical  centers  and  specially  of 
the  external  geniculate  body. 
Here  also  human  pathology can  not  give  a  precise  answer.  It 
is known, since the classical  works  of von Monakow, that the sub- 
cortical principal visual center of mammals, the corpus geniculatum 
externum, depends on the cortex, as it undergoes secondary degen- 
eration  through  destruction  of  the  occipital  lobes.  Until  recently 
it  was  not  possible  to  mark  exactly  on  the  cortex  the  district  of 
representation  of  the  corpus  geniculatum  externum.  Only  lately 626  The  Visual  Cortex. 
has Minkowski succeeded in clearing up this point.  He has experi- 
mental proof that the district of representation on the cortex of the 
cat  by  the  corpus  geniculatum  externum  is  covered  by  the  area 
striata; as only from this district can a secondary degeneration of the 
corpus geniculatum externum be produced by total extirpation of the 
area striata, the part most easily reached from the cortex, while the 
extirpation from the convexity of the occipital lobes outside the area 
striata produces in the corpus geniculatum externum a local degener- 
ation, not a general volume reduction.  If we consider the patholog- 
ical  anatomical  visual  sphere  as  "the representative district  of  the 
corpus geniculatum externum, we may say that it is covered, in cats 
and dogs and probably in man, with the clinical anatomical and cyto- 
architectonic visual sphere; that is,  with the area striata. 
A  few words more about the projection of the corpus geniculatum 
externum and the area striata;  that is,  about the closer relation be- 
tween certain parts of the area striata and the corpus  geniculatum 
externum.  It  is  known  from  human  pathology  that  such  a  pro- 
jection may exist; because through the destruction of the dorsal part 
of the visual cortex, that is, of the dorsal lip of the fissure calcarina 
and of the cuneus, the dorsal part of visual radiation, and,  further, 
the dorsal part of the lateral fibers of the corpus geniculatum exter- 
num,  the  frontal mesial part  degenerates secondarily; on  the other 
hand, a secondary degeneration of the ventral part of the optic radia- 
tion and the caudal lateral part of the corpus geniculatum externum 
takes place after a  lesion of the ventral half of the occipital lobes; 
that is, of the ventral lip of the calcarina and the lobus lingualis. 
Minkowski has succeeded in showing the exact projection of the 
corpus geniculatum externum over the cortex and specially over the 
area striata of the cat.  He has demonstrated that  the  frontal and 
upper parts of the area striata are in connection with the frontal part 
of the corpus geniculatum externum and the back, and at the same 
time the under parts  of the area striata,  with the back parts  of the 
corpus geniculatum externum, so that after a  partial extirpation of 
the area striata  only the  corresponding part  of  the corpus  genicu- 
latum  externum  degenerates  secondarily.  This  projection  is  so 
sharply marked that it can be proved by a  small cortex extirpation 
of o. 5  of a  centimeter in diameter out of the area striata;  because Edgar Bright  Funkhouser.  69'/ 
after such an extirpation, a distinctly well marked island-shaped dis- 
trict of the corpus geniculatum externum undergoes secondary degen- 
eration  (text-figure  II). 
TExT-FIG.  II.  Scheme of  projection of  the corpus  geniculatum  externum over 
the area striata in the cat. 
SUMMARY. 
In the study of the human cortex it seems well to follow thesame 
primary divisions  for the entire cortex, while in certain areas some 
layers may assume certain modifications; viz., in the area stria~a it 
seems  clearer to  retain  the  sixth  layer ground  type,  of  v)hich  the 
fourth is subdivided into three secondary layers.  The visual cortex, 
on account of its relation to the act of seeing, is an especially inter- 
esting field  for study.  About the calcarine fissure one can readily 
see with the naked eye a stripe of white fibers lying in the gray sub- 
stance,  called stria  of  Gennari  or  of  Vicq-d'  Azyr.  This  layer  is 
considered  by  Brodmann  in  the  second  subdivision  of  the  fourth 
priflaary layer. 
The two most characteristic types of the cortex are the giant pyr- 
amid  type,  called  area  gigantopyramidalis,  and  the  calcarine  type, 
called area striata.  The higher types of mammals afford excellent 
material for comparison. 
Minkowski's  experimental  study  of  the  dog  indicates  that  the 628  The  Visual  Cortex. 
clinical,  anatomical  visual  sphere  is  covered  with  the  cytoarchitec- 
tonic sphere ; for lasting visual trouble can be caused only by extirpa- 
tion of the area striata. 
The  subcortical  visual  center  in  mammals  undergoes  secondary 
degeneration  through  destruction  of the  area striata,  and  therefore 
depends on the cortex.  Also certain parts of the corpus geniculatum 
externum have an exact projection over certain areas  of the cortex. 
ABBREVIATIONS  USED IN  THE  TEXT-FIGURES. 
cc,  corpus  callosum,  abc,  ascending calcarina. 
c,  calcarina,  dbc,  descending calcarina. 
po,  parieto  occipital,  g,  sulcus genualis. 
ip,  intraparietal.  M,  gyrus marginalis. 
os,  opercularis  superior.  Ss,  gyrus  supra  Sylvius. 
t,  first temporal.  Pyr,  lobus pyramidalis. 
t.,,  second temporal.  Cg,  cingulum. 
AS,  area  striata.  Olf,  olfactory. 
coll,  collateral.  !,  sulcus lateralis. 
sp,  sulcus  splenialis,  ss,  sulcus supra  Sylvius. 
s,  sulcus Sylvius.  esp,  sulcus ecto  Sylvius posterior. 
oi,  opercularis inferior,  esa,  sulcus ecto  Sylvius anterior. 
d,  descendens,  a,  sulcus ansatus. 
si,  sulcus simialis,  cr,  sulcus cruciatus. 
otl,  sulcus occipito  temporalis,  sps,  sulcus supra splenialis. 
cm,  caUoso  marginalis,  sr,  sulcus recurrens. 
otm,  occipito  temporalis medianus,  cx,  calcarine cortex. 
otl,  occipito  temporalis lateralis,  o,  operculum. 
corp. gen. ext.,  external  geniculate  Ld,  descendens lateralis. 
body.  Para,  regio paracentralis. 
c.g. int.,  internal  geniculate  Cing,  cingulum. 
body. 
c. q. ant.,  anterior corpora  quad- 
rigemina. 
c. q. post.,  posterior  corpora 
quadrigemina. 
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